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The Case of Electrocardiograms
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Abstract Objective: The aim of this study was to determine the effect that the computer interpretation (CI) of
electrocardiograms (EKGs) has on the accuracy of resident (noncardiologist) physicians reading EKGs.

Design: A randomized, controlled trial was conducted in a laboratory setting from February through June 2001, using
a two-period crossover design with matched pairs of subjects randomly assigned to sequencing groups.

Measurements: Subjects’ interpretive accuracy of discrete, cardiologist-determined EKG findings were measured as
judged by a board-certified internist.

Results: Without the CI, subjects interpreted 48.9% (95% confidence interval, 45.0% to 52.8%) of the findings correctly.
With the CI, subjects interpreted 55.4% (51.9% to 58.9%) correctly (p < 0.0001). When the CIs that agreed with the gold
standard (Correct CIs) were not included, 53.1% (47.7% to 58.5%) of the findings were interpreted correctly. When the
correct CI was included, accuracy increased to 68.1% (63.2% to 72.7%; p < 0.0001). When computer advice that did not
agree with the gold standard (Incorrect CI) was not provided to the subjects, 56.7% (48.5% to 64.5%) of findings were
interpreted correctly. Accuracy dropped to 48.3% (40.4% to 56.4%) when the incorrect computer advice was provided
(p = 0.131). Subjects erroneously agreed with the incorrect CI more often when it was presented with the EKG 67.7%
(567.2% to 76.7%) than when it was not 34.6% (23.8% to 47.3%; p < 0.0001).

Conclusions: Computer decision support systems can generally improve the interpretive accuracy of internal medicine
residents in reading EKGs. However, subjects were influenced significantly by incorrect advice, which tempers the

overall usefulness of computer-generated advice in this and perhaps other areas.
® ] Am Med Inform Assoc. 2003;10:478-483. DOI 10.1197/jamia.M1279.

The Institute of Medicine’s report, To Err Is Human: Building
a Safer Health System, has resulted in an intense effort to use
information technology as a means to reduce medical errors.
The report suggested that decision support systems, partic-
ularly provider order entry, are an important component of
reducing medical errors and costs.' One aspect of this belief is
that an expert system will give advice to the provider at the
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point of order entry and that the provider will appropriately
accept or reject the advice. Computer-based expert systems
are a type of decision support system meant to improve
health care quality through the advice given in the form of
alerts, reminders, or summaries.> Whereas previous work has
suggested that computer-based decision support shows great
promise in improving health care by enhancing reasoning
and decision making by physicians,”> there have been no
studies regarding the possible negative effects.

The most widespread application of an expert system in
clinical care is the electrocardiogram (EKG) expert system.’
Previous work supports the notion that the accuracy of the
EKG expert system approaches the accuracy of cardiologists,*
and most researchers believe that EKG expert systems are
therefore helpful to the physician.>*® Laks and Selvester’
state that in their experience, “physicians aided by computers
produce the best interpretation of EKGs.” However, few
studies have quantified this effect, and none have addressed
the effect that incorrect CI has on physician interpretive
accuracy.

A common opinion regarding the CI of EKGs is that even if the
interpretation is not correct, it still provides useful informa-
tion. Macfarlane’ suggests that the CI “at the very least
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provides a second opinion which can be accepted or rejected
by a physician.” Whether this second opinion is always
a benefit to the physician is unproven; although two studies
have examined how accurate physicians are in accepting
correct computer generated advice,*® no studies have
examined how physicians use incorrect computer advice.

The central question guiding our investigation was to what
extent does a “correct” Cl relate to a correct interpretation and
to what extent does an “incorrect” CI relate to an incorrect
human interpretation over a set of typical tracings by
noncardiologist physicians? One study used cardiologists as
subjects who were experts in the area of EKG interpretation
and showed that cardiologists are both precise and accurate
in EKG interpretation with and without computer assis-
tance.® Internists, however, are much less precise and accurate
than cardiologists in detecting and correcting computer
errors.® We chose to use internal medicine residents as our
subject group because they are not experts and usually are the
first physicians to interpret EKGs in academic hospitals.

We used a two-period crossover design with matched pairs of
subjects randomly assigned to sequencing groups to obtain
clinicians’ interpretations of two equally difficult sets of EKGs
(labeled set A and set B).° To evaluate the effect of the CI,
subjects were matched by year of postgraduate training and
divided into two groups (designated AB and BA). Group AB
first interpreted set A without CI support and then in-
terpreted set B with computer support. Group BA first
interpreted set B without CI support and then interpreted set
A with computer support. No clinical information was given
because different clinical histories have been shown to affect
the physicians’ interpretation of identical EKGs.'""" The effect
of the CI on subject accuracy was determined by comparing
the percentage of findings each subject correctly interpreted
without the CI with the percentage of findings correctly
interpreted with the CI. This effect also was broken down by
categories based on the computer’s advice (i.e., Correct,
Incorrect, Nonspecific, or Wrong by Exclusion).

Study Site

The study was based at an academic medical center, the
University of Pittsburgh Medical Center. The principal
investigator, first cardiologist, and general internal medicine
collaborator were based at the University of Pittsburgh. The
second cardiologist collaborator was based in private practice
at the Gould Medical Foundation in Modesto, California.

Case Materials

The second cardiologist provided 83 EKGs from actual
episodes of care from his residency, cardiology fellowship
training, and private practice. From this pool, the principal
investigator and second cardiologist examined the EKGs for

three factors: (1) the EKG was accompanied by an in-
terpretation by a cardiologist, (2) the EKG was accompanied
by CI, (3) the EKG was of good reproductive quality and
without extraneous markings. Eight tracings did not meet the
above criteria and were discarded. The remaining 75 EKGs
then were selected for the presence of the basic findings that
physicians at the end of their internal medicine residency
should be able to identify, using the list developed by
Pinkerton and his group as a guide.12 In so doing, we
eliminated findings that would require an expert cardiologist
to interpret and were left with findings that residents after
their first year of training would be expected to interpret
correctly.

Identifying information and the CI were removed from these
EKGs, and the tracings were presented to the first
cardiologist for a second interpretation. The interpretations
of the two cardiologists were compared, and the EKGs in
which there was disagreement between the two cardiologists
were discarded. By doing this, we validated a set of EKGs
that could be interpreted by the tracing alone and that there
was no degradation of the tracings in the copying process.
This was a similar method to that used in a previous study
in establishing a gold standard for a set of EKG in-
terpretations.®

Categorization of the Findings

From the remaining tracings, the principal investigator and
second cardiologist compared the gold-standard car-
diologists’ findings with the computer reports to place each
finding into one of four categories (Table 1): (A) Correct, the
correct finding was given by the CI, (B) Nonspecific, the CI
mentioned the abnormality on the tracing but did not give the
diagnosis, (C) Wrong by exclusion, the CI did not mention the
abnormality at all, (D) Incorrect, the CI of the finding was
incorrect in its final diagnosis.

Willems et al.* estimated that the CI has an accuracy rate that
ranges from 42% to 96%. The principal investigator and
second cardiologist selected a group of EKGs in which the
computer interpretations were correct approximately 60% of
the time, the usual accuracy of the CI. We also wanted to
mimic the prevalence of the findings in the real world. For
example, the most common rhythm encountered in practice is
normal sinus rhythm, and this was the most common rhythm
that was in the test set, appearing 11 times. Atrial fibrillation
is a common rhythm in practice but is much less common
than normal sinus, and this is also reflected in the test set.
After this selection process, our test set consisted of 23 EKGs
with 54 total findings, 32 of which were correctly (59.2%)
interpreted by the CI. Table 2 lists the findings and the
number of times they appeared in the test set. Notably, 15
findings were presented only one time. “No left atrial
enlargement” was included as a finding because on one

Table 1 m An Example of the Categorization of the Computer Interpretation Compared with the

Gold Standard Cardiologists’ Interpretation

Cardiologists’ Interpretation

Computer Interpretation (CI)

Category of CI

Normal sinus rhythm

Left anterior fascicular block
Left atrial enlargement

Early ventricular repolarization

Normal sinus rhythm
Left axis deviation
[Does not mention]

Widespread ST elevation, consider pericarditis

Category A—Correct

Category B—Nonspecific
Category C—Wrong by exclusion
Category D—Incorrect
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Table 2 m EKG Findings and the Number of Times
They Appear in the Test Set

Atrial fibrillation (2)

Anterior/septal MI (2)

Inferior wall MI (3)

ST-T changes consistent with digitalis/digoxin/digitoxin effect (2)
Normal sinus rhythm (11)

Sinus bradycardia (1)

Prolonged QT (1)

Left atrial enlargement (2)

Second-degree AV block Mobitz type I (1)

First-degree AV block (1)

Insignificant ST elevation, no MI (3)

NSR with 2:1 AV block (1)

No left atrial enlargement (1)

Left bundle branch block (1)

Incomplete right bundle branch block (1)

Right bundle branch block (3)

Left anterior fascicular block (2)

Left posterior fascicular block (1)

Sinus arrhythmia (1)

Multifocal atrial tachycardia (2)

Normal sinus rhythm with frequent premature atrial contractions (1)
Electrode reversal (1)

ST elevation consistent with early ventricular repolarization (2)
Left ventricular hypertrophy (3)

Atrial flutter (2)

Supraventricular tachycardia (1)

Nonspecific ST-T changes (1)

Ventricular tachycardia (1)

occasion the CI listed it as a finding when it was not actually
present. The EKGs then were divided into two sets, taking
care to keep the variety and correctness equal between the
two (Table 3).

Subjects

We recruited 30 internal medicine residents who were either
in their second or third years of training. Subjects were
enrolled on a rolling basis. All subjects graduated from
accredited allopathic American medical schools. No compen-
sation was given for participation in the study. Data were
collected over a five-month period from February through
June 2001.

Procedure

Subjects were stratified by experience level and then assigned
randomly to either group AB or BA. Assignment was
balanced such that experience levels were distributed equally
between the two groups with six second-year residents and
nine third-year residents in each group.

Subjects were presented with the EKG tracings and were
asked to record their interpretations on a blank sheet of paper

Table 3 m Categorization of the Computer
Interpretations of Each Set of EKGs

Set A Set B

11 Tracings

27 Findings

16 Correct

3 Nonspecific

2 Wrong by exclusion
6 Incorrect

12 Tracings

27 Findings

16 Correct

1 Nonspecific

4 Wrong by exclusion
6 Incorrect
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as they would normally do in a patient’s medical record.
Group AB first interpreted EKG set A without CI support and
then set B with computer support. Group BA first interpreted
set B without CI support and then set A with computer
support. Subjects were instructed to interpret the tracings in
the order presented and not to return to previously read
EKGs to change answers. All data collection sessions were
proctored, and all subjects completed their interpretations
within the 1-hour time limit. A board-certified internist,
blinded to subject and whether CI accompanied the in-
dividual tracings, scored the subjects’ stated interpretations
as either correct (consistent with the gold-standard inter-
pretations as determined by the two cardiologists) or incorrect
(not consistent with the gold-standard interpretations).
Scoring guidelines were used to maintain consistent in-
terpretation of ambiguous answers (i.e., in cases in which
hedging occurred or where several possible diagnoses were
given for the same finding, the subject was scored as incorrect
for that finding). When the subject’s interpretation was
incorrect, the internist also noted if the subject’s interpretation
was consistent with the CI. The protocol was approved as
an exempted review by the University of Pittsburgh’s
Institutional Review Board.

Scoring Metrics

We assessed subjects’ interpretive accuracy with a binary
measure, which credited the subject with a correct interpre-
tation if the correct interpretation appeared on the subject’s
answer sheet.

A second binary measure assessed the negative effects of
incorrect CI on subjects” interpretations. For the subset of
findings in which the CI was incorrect and the subject
interpretation was incorrect, the subject response was noted
to have agreed or disagreed with the CL

Analysis

Three separate analyses provided complementary views of
the results. The first used the binary outcome to measure
subject’s interpretation correctness to estimate the effect of
CI on accuracy. The percentage of findings correctly in-
terpreted with the CI was compared with the percentage
correctly interpreted without the CI, treating the presence of
CI as within EKG set within subjects. The second analysis also
used the subject’s correctness of interpretation outcome
measure with category of finding (i.e., Correct, Nonspecific,
Wrong by Exclusion, and Incorrect) and presence of the CI as
independent variables. This analysis looked at the differences
in the proportions of findings correctly identified by subjects
for levels of CI within each category of computer interpre-
tation. The third analysis sought to elucidate whether a CI
that was Incorrect was a factor in subjects incorrectly
interpreting findings. For the subset of findings in which
the CI was Incorrect and the subject failed to correctly
interpret the finding, the subject’s response was scored as
agreeing with the CI or not agreeing. If subject responses
agreed with the CI more often when the CI was included, this
would suggest that the CI had influenced the subjects
negatively.

Although subjects are the unit of experimentation (i.e.,
randomly assigned to levels of treatment) and the primary
sampling unit (i.e., independently sampled), the units of
analysis are the subjects’ findings, which are assumed to be
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dependent and nested within subjects. Although findings are
nested within EKG tracings, it is assumed that this grouping
of findings has no effect on subject accuracy or the de-
pendence of the findings. We used the Generalized Linear
Model (GzdLM) procedure'? for each analysis, assuming the
binary outcome is distributed as a Bernoulli variable with
a logit link and used naive empirical variance estimates'* for
the model effects to account for the dependence of findings
within subjects. Wald statistics were used to statistically test
the observed results against the null condition at the o = 0.05
level. Two-tailed 95% confidence intervals were calculated for
percents by transforming logit scale Wald intervals (i.e., using
empirical standard error estimates) into percent scale in-
tervals."> Confidence intervals were calculated for percent
differences using the method described by Newcombe and
Altman'® using the transformed empirical Wald limits in
place of the Wilson limits.

Results

Percentage of Findings Correctly Interpreted

by Subjects

The complete data set included 54 findings (27 with CI and 27
without CI) and 30 subjects, for a total of 1,620 subject-finding
data points. Without the CI, subjects correctly interpreted
an average of 13.2 of 27 findings correctly (48.9%; 95%
confidence interval; 45.0% to 52.8%), which increased to 15.0
of 27 (55.4%; 51.9% to 58.9%) with CI support, a change of
6.6% (1.3% to 11.8%; p < 0.0001). This suggests that the CI has
an overall positive influence on resident physicians’ accuracy
in interpreting the EKGs in this set.

Correctness of the CI

The goal of the next analysis was to evaluate how the
correctness of the CI affects the likelihood that the finding will
be interpreted correctly. Table 4 summarizes by category the
percentage of findings that were correctly interpreted.

Correct
The CI was Correct in 32 of 54 findings. Without the CI, 255 of
480 (53.1%; 47.7% to 58.5%) subiject findings were correctly
interpreted; this increased to 327 of 480 (68.1%; 63.2% to
72.7%) with CI, a 15% difference (7.7% to 22.1%; p < 0.0001),
suggesting that the CI, when Correct, increased the likelihood
that the finding would be correctly interpreted.

Incorrect
The CI was Incorrect in 12 of 54 findings. Without the CI, 102
of 180 (56.7%; 48.5% to 64.5%) subject findings were
interpreted correctly; this decreased to 87 of 180 (48.3%;
40.4% to 56.4%) subject findings when the CI was included

(—8.4%; —19.5% to 3.1%; p = 0.13). The trend toward the
decrease in the likelihood that the findings would be correctly
interpreted did not reach statistical significance.

Nonspecific and Wrong by Exclusion
Only four of 54 and six of 54 findings were Nonspecific and
Wrong by Exclusion, respectively. For the Nonspecific category,
20 of 60 (33.3%; 24.5% to 43.5%) subject findings in which the
CI was not included were interpreted correctly; 15 of 60
(25.0%; 16.6% to 35.9%) subject findings were interpreted
correctly with the CI (—8.3%; —21.5% to 5.7%; p = 0.22).

In the Wrong by Exclusion category, 19 of 90 (21.1%; 13.6% to
31.2%) subject findings in which the CI was not shown were
interpreted correctly; 20 of 90 (22.2%; 15.3% to 31.1%) subject
findings were interpreted correctly with the CI (1.1%; —11.1%
to 12.7%; p = 0.85). The results do not approach significance
in these two categories.

Analysis to Elucidate the Effect of Incorrect

CI on Subjects

The CI was categorized as Incorrect in 12 of 54 findings. When
the incorrect CI was not presented in this subset of findings,
subjects were incorrect in 78 of 180 subject findings. Even
though subjects had no knowledge of what the computer
report was, there was subject agreement with the incorrect CI
in 27 of these 78 subject findings (34.6%; 23.8% to 47.3%).
When the incorrect CI was presented to subjects, the
incorrectness rate increased to 93 of 180 subject findings.
There was agreement with the incorrect CI in 63 of 93 findings
(67.8%; 57.2% to 76.7%). The results are summarized in Table
5. This difference is statistically significant (33.1%; 16.6% to
47.2%; p<0.0001), implying that the CI specifically was
influential in misleading subjects. Subjects were prone to
agree with the CI, even though it was incorrect.

Discussion

The reasons for the EKG expert system’s acceptance in clinical
care is based on its perceived accuracy, ease of use, low cost,
and the assignment of the responsibility of final interpretation
to the physician.>'” In this study, we have shown that the
impact of computer assistance on nonexpert subject perfor-
mance in interpreting EKGs depends on the correctness of the
advice given. More specifically, we have examined the
situation in which the CI is incorrect and illustrated how it
can be a detrimental influence on decision making. A common
opinion regarding the CI in clinical practice is that, at the very
least, the physician with the CI is no worse at interpret-
ing EKGs than the physician reading the EKG without com-
puter support.’ The results of our study suggest otherwise.

Table 4 m Likelihood That a Finding Would Be Interpreted Correctly Depending on Presence

of the Computer Interpretation

Computer Interpretation
Correct (n = 32)

Computer Interpretation
Nonspecific (n = 4)

Computer Interpretation
Wrong by Exclusion (1 = 6)

Computer Interpretation
Incorrect (n = 12)

Category A Category B Category C Category D
No CI 53.1%; (47.7%, 58.5%) 33.3% (25.5%, 43.5%) 21.1%; (13.6%, 31.2%) 56.7%; (48.5%, 64.5%)
With CI 68.1%; (63.2%, 72.7%) 25.0%; (16.6%, 35.9%) 22.2%; (15.3%, 31.1%) 48.3%; (40.4%, 56.4%)
Difference +15.0% (7.7%, 22.1%) —8.3% (-21.5%, 5.7%) +1.1% (-11.1%, 12.7%) —8% (=19.5%, 3.1%)
p-value < 0.0001 0.222 0.854 0.131

Note. Grouped by computer interpretation category. 95% confidence intervals are given.
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Table 5 m Proportion of Subject Findings in
Which the CI Was Incorrect that Were Incorrectly
Interpreted by the Subject and Agreed with the
Incorrect Computer Interpretation

No CI 34.6% (23.8%, 47.3%)

With CI 67.7% (57.2%, 76.7%)
Difference —33.1% (16.6%, 47.2%)
p-value <0.0001

There was a clear and significant improvement in the
percentage of findings interpreted correctly when the subjects
received the CI; this result is similar to what has been shown
in previous work.® However, when the findings are isolated
by correctness, we see that there is a striking difference
between how correct advice influences subjects and how
incorrect advice influences the same subjects. There is a
dramatic improvement in subject performance when the Cl is
correct and is provided to the subjects, but there is a trend that
subject accuracy decreases when the CI is incorrect. Sample
size might explain why this detrimental effect did not quite
reach significance: the category in which the CI was Incorrect
had 360 physician-finding data points compared with 960 in
which the CI was Correct. Nevertheless, this trend goes
against the belief that the CI is at least not detrimental in
physician interpretation of EKGs.

In fact, the CI appears to be the cause of subjects” poor
performance. Table 5 shows that in the subset of findings in
which the CI was incorrect, subjects wrote an interpretation
that agreed with the incorrect CI almost twice as often when
they were assisted by the computer than when they were not
(67.7% vs. 34.6%). Subjects had a clear tendency to agree with
the CI even though it was Incorrect.

The degree of difficulty each EKG tracing presents to the
interpreter is subjective and difficult to quantify. One may
believe that the findings in which the CI was Incorrect would
be inherently more difficult to interpret and therefore more
often interpreted incorrectly by subjects when the CI was not
present compared with the findings in which the CI was
Correct. Notably, in the findings in which the CI was Incorrect
but not provided, findings were interpreted correctly 56.7% of
the time versus 53.1% of the findings in which the CI was
deemed Correct but was not provided (Table 4). If the findings
in which the CI was Correct were easier to interpret than those
in which the CI was Incorrect, subjects without the CI
influencing their interpretation should have agreed with the
cardiologists in a higher percentage of findings in which the
CI was Correct.

A recent study that examined the effect of computer-
generated EKG reports on emergency senior houseofficers
showed no significant difference in the EKG interpretation
error rate when junior doctors had assistance from computer-
generated reports.'® The authors suggested that “practice
might be improved by instructing [resident physicians] to
seek senior advice whenever they disagree with, or do not
understand, a report.” Although it is reasonable to seek
expert advice if a resident physician does not agree with a CI,
it is not necessarily reasonable for a resident physician to
believe that his or her interpretation is correct if they agree
with the CI. Our results suggest that the bias inherent in

TSAI ET AL., Computer Decision Support

reading a CI does not allow the resident, nonexpert physician
to accurately judge when the CI is incorrect.

Another study investigated whether the CI guides or
misleads the EKG interpretation by physicians in the
emergency room.'* The authors concluded that “Whether
an incorrect computer diagnosis was provided or not, did not
significantly influence the physicians’ conclusions,” and
“Computer-based ECG diagnoses seem to be helpful to
emergency ward physicians, but a certain level of ECG
experience is required to utilize the program.” Although we
agree that experience with EKG interpretation will improve
the interpreter’s ability to use the computer’s advice
(cardiologists have been shown to be precise and accurate
at accepting and rejecting computer-based EKG diagnoses’),
we feel that the study design lacked the power to determine
how incorrect computer diagnoses influence physicians.
Their study consisted of 20 subjects who interpreted ten
EKGs that randomly had the computer diagnosis accompa-
nying it (which were either all correct or all incorrect when
present) versus our study’s 30 subjects who each read the
same set of 23 EKGs, which included both correct and
incorrect computer diagnoses when present. Because we did
not reach statistical significance in how incorrect diagnoses
affect physician interpretation, it is not surprising that their
smaller study size also did not reach significance and possibly
was too small to detect a trend. Most notably, the authors
also did not take the next step to determine whether the
physicians who misinterpreted an EKG did so because of the
incorrect computer diagnosis. There is no comment on
agreement with incorrect computer diagnoses, which is
a major focus of our study.

The goal of this study was to question the popular belief that
physicians are good at incorporating good information while
at the same time rejecting bad information in the realm
of computer-interpreted EKGs, and we purposely did not
address clinical outcomes. Although determining clinical
significance would be the ultimate goal, the only published
literature to support this belief were editorials or opinions
based on observation®’; we found no research to support this
idea, and we first had to show that the belief that the CI did at
least not cause harm is a faulty notion at its root—that, in fact,
physicians are significantly negatively influenced by incorrect
computer interpretations of EKGs. If we were to consider
clinical importance in this study, we would have had to
include clinical history, which has proven to alter physician
interpretations of EKGs. Hatala et al.'>'" have described how
the interpretation of EKGs can change when different clinical
history is given (and also when no clinical history is given).
The question of exactly how much historical information to
provide adds another layer of complexity. By eliminating
clinical history, we distilled the EKG interpretation task to its
purest form. Extrapolating the EKG findings to clinical
significance involves another level of decision making that
is beyond the scope of this study.

Further work is needed to elucidate the reasons for the
subjects” poor performance when receiving the CI when it
was incorrect. One paradigm represents the EKG expert
system as a tool and whether targeted instruction on the
use of this tool would improve interpretive accuracy.
Cardiologists have been shown to be more skilled than
internists at using the CI to interpret EKGs accurately.® If
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cardiologists acquire this skill by specific instruction rather
than volume of experience, it might be possible to develop
a program aimed at noncardiologist physicians to instruct
them on the proper use of the EKG expert system to improve
their use of the CL

The true reason is likely a combination of training, experi-
ence, and other human cognitive factors. There may be
a subconscious bias toward believing a computer-generated
result like the CI or, similarly, a lack of faith in subjects’ own
EKG interpretation skills. We also cannot ignore the effects of

anchoring bias, as described by Tversky and Colleagueszo:

“In many situations, people make estimates by starting from
an initial value that is adjusted to yield the final answer. The
initial value, or starting point, may be suggested by the
formulation of the problem, or it may be the result of a partial
computation. In either case, adjustments are typically in-
sufficient.”

In terms of anchoring, the initial value in the case of the EKG
is the CI. The results in the section “Nonspecific and wrong
by exclusion” suggest that subjects are unable to sufficiently
adjust from the initial value as Tversky and colleagues
described.

Conclusions

This study is a first step in understanding the divide between
computer decision support and human decision making.
Even though the EKG expert system’s performance has
been comparable with that of gold-standard cardiologists,*
the effects of the system on its intended noncardiologist
physician end users had not been addressed. We have
shown the possible negative side to its use. Whether the
detrimental influence on EKG interpretation in this study
would have resulted in patient harm or other undesirable
outcomes is yet to be determined and, for the purposes
of this study, not essential. To determine if medical error
could result from bad advice, we had to first show that
bad advice cannot be as easily dismissed as has been
thought.

The acceptance of any decision support system is based on
a number of factors, and it seems that the human cognitive
factors are the least of them, being superseded by cost and ease
of use. It is important in this and future systems to consider
how the information is processed by the end user, because
there may be unforeseen detrimental effects. Expert systems
like the EKG system show promise to assist nonexperts in
diagnosing and treating patients. However, we should temper
our exuberance to implement these systems—further work is
needed to examine the risks of incorrect advice on physician
decision making before deploying them.
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